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(54) Apparatus and method for making graphic products by laser thermal transfer

(57)  An apparatus (10) and method for printing
graphic images by laser thermal transfer uses a laser
source (32) and a programmable pulse generator (44)
o transmit a pulsed infrared laser beam (42) in accord-
ance with a printing program of image data to print
graphic images on sheet material (S). The pulsed laser
beam (42) is transmitted through a focusing lens (34),
and the focused beam is in turn scanned by a scanning
device (36) through a laser window assembly (38,138)
into an ink web (W) along a line of laser impingement.
The ink web (W) contains a layer of printing ink and over-
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lies the sheet material (S) supported on a roller platen
(40). The laser window (38,138) presses the ink web (W)
into the sheet material (S) against the roller platen (40)
alongthe line of laser impingement to facilitate the trans-
fer of ink from the web (W) to the sheet (S) in accordance
with the printing program of image data. The focusing
lens (34) and laser window (38,138) are highly transmis-
sive at the selected wavelength of the laser beam (42)
to permit the passage of substantially all radiation into
the layer of printing ink along the line of laser impinge-
ment.
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Description

Field of the Invention

The present invention relates to an apparatus and
method for making graphic products on sheet material,
and more particularly, to an apparatus and method em-
ploying a laser source to transfer ink from an ink web to
a strip of sheet material for printing graphic images on
the sheet material.

Background Information

There are several commercially-available systems
today that employ thermal print heads to transfer ink
from an ink web to a strip of sheet material to produce
graphic products with multicolored or enhanced graphic
images for signs and like displays. One such commer-
cially-successful system is manufactured and sold by
Gerber Scientific Products, Inc. of Windsor Locks, Con-
necticut under the trademark GERBER EDGE™. The
GERBER EDGE™M is typically used to print vinyl graph-
ics for signs or like displays, wherein multicolored or en-
hanced graphic images are printed on a vinyl sheet, and
the sheet is cut along the periphery of the graphic imag-
es to create a sign or like display. The system uses a
thermal print head to print the graphic images on the
sheet, and a cutter to cut the sheet along a peripheral
edge surrounding the graphic images. The print head
and the cutter are controlled by a microprocessor having
a common data base so that the printed images and the
cut edges correspond positionally in the final graphic
product.

A roller platen carrying the vinyl sheet is mounted
below the print head, and a removable cassette carrying
a donor web bearing transfer ink is mounted adjacent to
the print head so that the donor web is interposed be-
tween the print head and the vinyl sheet. Heating ele-
ments of the print head are selectively energized to
transfer ink from the donor web to the vinyl sheet in ac-
cordance with commands from the microprocessor to
create graphic images on the vinyl sheet. Each cassette
carries a donor web bearing a single color of transfer
ink, and the cassettes are interchanged to create multi-
colored images, different shades and/or colors. The roll-
er platen and vinyl sheet are slewed back and forth dur-
ing printing operations to apply the different color inks.

The GERBER EDGE™ system described above is
disclosed in U.S. Patent No. 5,537,135, issued July 16,
1996, entitled "Method And Apparatus For Making A
Graphic Product”, which is assigned to the Assignee of
the present invention, and is hereby expressly incorpo-
rated by reference as part of the present disclosure.

In such prior art apparatus, the thermal print head
typically has a linear array of heating elements densely
packed along a line of contact with the sheet material.
With higher density heating elements, graphic images
of higher resolution can be created. A typical thermal
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print head may have a density of 300 elements per inch,
although higher density print heads are available. Ac-
cordingly, although relatively high resolution graphic im-
ages can be created with prior art apparatus employing
thermal print heads, the resolution is limited by the size
of the heating elements and the density of the array.

In addition, the width of the graphic images in such
prior art printing apparatus is frequently limited by the
width of the thermal print head employed. Although
some prior art printing apparatus have thermal print
heads that are movable in the lateral direction of the
sheet material, or comprise more than one print head
mounted side by side to print graphic images of in-
creased width, this involves added complexity and ex-
pense.

Thermal print heads also typically require history
control in order to print graphic images of relatively high
resolution and quality. The heating elements of a ther-
mal print head retain heat immediately after being
turned off, and the actuation of a heating element will
typically increase the temperature of one or more adja-
cent heating elements not actuated. Accordingly, appa-
ratus employing thermal print heads often require an au-
tomatic adjustment and precise control of the pulse
width applied to actuate each heating element in order
to compensate for such temperature effects and thereby
maintain consistent dot size and produce graphic imag-
es of high resolution and quality.

It is an object of the present invention to overcome
the drawbacks and disadvantages associated with prior
art apparatus and methods employing thermal print
heads for printing graphic products on sheet material,
and/or to provide improvements generally.

Summary of the Invention

The present invention is directed to an apparatus
and method for printing graphic products on sheet ma-
terial by laser thermal transfer. The apparatus of the in-
vention comprises a platen supporting the sheet mate-
rial, which may be, for example, a vinyl or like polymeric
material supported on a releasable backing, and an ink
web overlying the sheet material on the platen and bear-
ing a printing ink for selectively transferring the ink to
the sheet material. A laser source of the apparatus
transmits a beam of radiation at a selected wavelength,
preferably in the infrared, along a line of laser impinge-
ment into the ink web supported on the sheet material
for selectively heating and in turn transferring ink from
the web to the sheet in accordance with a printing pro-
gram of image data for printing graphic images on the
sheet. A laser window is mounted over the platen and
pressed into engagement with the ink web against the
sheet material on the platen along the line of laser im-
pingement to facilitate the transfer of ink from the web
tothe sheet. The laser window is preferably highly trans-
missive, for example, approximately 90% transmissive,
at the selected wavelength of the laser beam to thereby
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permit the beam to pass through the window and into
the ink web to print the graphic images on the sheet.

One advantage of the apparatus and method of the
present invention, is that the resolution of the printed
images is not limited by the size and density of the heat-
ing elements as in prior art apparatus employing thermal
print heads, but rather the laser beam is extremely nar-
row and precise and thereby permits the apparatus to
print graphic images of substantially increased resolu-
tion. In addition, the laser source used in accordance
with the apparatus and method of the present invention
permits precise control over the printing parameters by
allowing, for example, pixel-to-pixel addressibility and
dot size control, to thereby print graphic images of high
resolution and quality. Moreover, the width of the graphic
images is not limited by the width of a thermal print head
as in the prior art apparatus described above, but rather
may be adjusted by controlling the scan width of the la-
ser beam.

Other objects and advantages of the apparatus and
method of the present invention will become apparent
in view of the following detailed description and accom-
panying drawings.

Brief Description of the Drawings

FIG. 1 is a schematic diagram illustrating a system
embodying the present invention for printing and cutting
signs and other graphic products.

FIG. 2 is a schematic illustration of a printing appa-
ratus embodying the present invention for printing the
signs and other graphic products by laser thermal trans-
fer.

FIG. 3 is a more detailed, side elevational view of
the printing apparatus of FIG. 2 with portions broken
away to show the internal structure.

FIG. 4 is a perspective view of the laser window as-
sembly of the printing apparatus of FIG. 2 and showing
the structure for resiliently mounting the window assem-
bly to an upper support frame of the apparatus.

FIG. 5 is a fragmentary front view, in partial cross
section of the printing apparatus of FIG. 3 showing the
system for driving the sheet material and ink web be-
tween the roller platen and laser window assembly.

FIG. 6 is a perspective view of another embodiment
of a laser window assembly for mounting in the printing
apparatus of FIG. 2.

Detailed Description of a Preferred Embodiment

In FIG. 1, an apparatus embodying the present in-
vention for making graphic products with multicolored
and/or enhanced graphic images is indicated generally
by the reference numeral 10. The apparatus of FIG. 1
enables a graphic product to be created and produced
with enhancements from a data base within which the
printed and cut features of the product are commonly
based. The apparatus 10 includes a digitizer 12 or other
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data input device which transmits data to a computer 14
defining at least the peripheral edges of the graphic
product and possibly internal edges as well. The com-
puter 14 displays the image data defining the edges as
an image on a monitor 16. Then, printing enhancements
from a special enhancement program within the compu-
ter's memory 18 for creating and printing graphic images
are added within the edges of the displayed image as
the operator or composer desires by employing a key-
board, mouse and/or like input device.

From the image data defining an enhanced graphic
product, the computer 14 generates at least one printing
program for operating a controller 20 to control a printing
apparatus 22 to print the prepared graphic images on a
sheet material. If desired, the computer may also gen-
erate a cutting program for operating the controller 20
to control a cutting apparatus 24 to cut the sheet material
around the graphic images and create the final graphic
product.

In a preferred embodiment of the present invention,
the sheet material is a vinyl secured by a pressure-sen-
sitive adhesive on a releasable backing. One such vinyl
is sold by the Assignee of this invention under the trade-
mark SCOTCHCALT of the 3M Company. As will be
recognized by those skilled in the pertinent art, however,
numerous other types of sheet material may equally be
employed, such as paper and other types of polymeric
sheets, including polyvinyl chloride (PVC) and polycar-
bonate sheets. Similarly, the sheet material may be sup-
pliedin any length on rolls, in flat sheets, or as otherwise
desired.

The printing apparatus 22 prints the graphic images
on the sheet material, and the printed sheet may be
transferred to the cutting apparatus 24 which is operated
by the controller 20 to cut the sheet along the peripheral
edges of the graphic images and any internal edges, if
necessary, in accordance with the cutting program. With
vinyl sheets as described above, after weeding to re-
move unwanted vinyl material within or around the print-
ed images, the vinyl forming the enhanced image is lift-
ed from the underlying backing and may be attached to
a sign board, window or other object for display.

A suitable cutting apparatus 24 for carrying out the
cutting operation on sheets of vinyl or other material is
disclosed in U.S. Patent Nos. 4,467,525, 4,799,172 and
4,834,276, all owned by the Assignee of the present in-
vention.

Turning to FIG. 2, a unique printing apparatus 22
embodying the present invention for carrying out the
printing operation comprises a base assembly 26 and a
cover assembly 28 (shown in broken lines) pivotally
mounted to the base. The cover assembly 28 supports
a laser assembly 30 including a laser source 32, a fo-
cusing lens 34 and a scanning device 36. A laser win-
dow assembly 38, which is highly transmissive at the
selected wavelength of the laser source 32, is supported
by the cover 28 above a roller platen 40, which is in turn
rotatably mounted on the base assembly 26. A strip of
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sheet material S and an ink web W overlying the strip S
(shown in broken lines) are driven between the roller
platen 40 and window assembly 38, and the web W
bears a printing ink for printing graphic images on the
top surface of the sheet S. A programmable pulse gen-
erator 44 is coupled between the controller 20 and the
laser source 32 to control the pulse width of a laserbeam
42 transmitted by the laser source 32 to print graphic
images on the sheet material S.

Accordingly, as illustrated schematically in FIG. 2,
the programmable pulse generator 44 controls the pulse
width of the laser beam 42 in accordance with the print-
ing program of image data received from the computer
14, and the pulsed beam is in turn focused by focusing
lens 34 onto the scanning device 36. The scanning de-
vice 36 scans the pulsed beam 42 through the window
assembly 38 along a line of laser impingement extend-
ing in the illustrated y-coordinate direction across the
portion of the ink web W engaging the sheet material S
on the roller platen. As the pulsed beam of radiation 42
impinges upon the ink web W, precise portions of the
ink absorb the radiation and are thereby heated and re-
leased from the ink web and transferred to the sheet ma-
terial S along the line of laser impingement in accord-
ance with the printing program of image data. As indi-
cated by the downwardly-pointing arrows designated
"P"in FIG. 2, the window assembly 38 presses the ink
web W against the sheet material S directly on the line
of laser impingement in order to facilitate the transfer of
ink from the web to the sheet and to press the web and
sheet against the roller platen for driving the web and
sheet in the illustrated x-coordinate direction, as is de-
scribed further below.

As will be recognized by those skilled in the perti-
nent art, the laser wavelength, energy and pulse width
of the beam 42 are selected to effect a transfer of ink
from the web W to the sheet material S in accordance
with the printing program to create the desired graphic
products on the sheet material. In addition, the focusing
lens 34, window assembly 38, and the backing materi-
als, if any, of the ink web W are each selected to be at
least approximately 70% transmissive at the selected
wavelength of the laser beam 42, and preferably about
90% transmissive at the selected wavelength, in order
to minimize the energy requirements of the laser source
32 and efficiently transfer the radiation into the ink web
W to create the graphic products. The ink material of the
web W, on the other hand, is highly absorbent at the
selected wavelength of the laser beam 42 in order to
absorb substantially all radiation transmitted along the
line of laser impingement.

In the embodiment of the present invention illustrat-
ed, the laser source 32 is a CO2 laser, which preferably
generates approximately 30 Watts of energy on average
in the infrared. In the preferred embodiment, the select-
ed wavelength of the beam 42 is approximately 10.6 mi-
crons. At this wavelength, both zinc selenide (ZnSe) and
sodium chloride (NaCl) are highly transmissive (approx-
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imately 90%), and are therefore each appropriate ma-
terials for constructing the transmissive portions of the
focusing lens 34 and window assembly 38.

For a given power and wavelength of the radiation
beam 42, the pulse width will be selected in such a way
which is inversely proportional to the overall transmis-
sivity of the components through which the beam is
transmitted, i.e., the overall transmissivity of the focus-
ing lens 34, window assembly 38, and any backing ma-
terial of the ink web W. Accordingly, the greater the over-
all transmissivity of these components at the selected
wavelength, the shorter will be the pulse width required
to effect a transfer of ink from the web to the sheet ma-
terial. Similarly, the greater the absorbency of the ink
material at the selected wavelength, the shorter will be
the pulse width required to effect a transfer of ink to the
sheet material. Accordingly, for the same printing appa-
ratus 22, the pulse width of the laser beam 42 may be
varied from one type of ink web to the next.

A typical ink web W is a multi-layer construction
having a resin and/or wax layer comprising the printing
ink and supported on one or more backing layers, in-
cluding, for example, arelease layer superimposed over
the resin/wax layer, a carrier layer superimposed over
the release layer, and a back coat superimposed over
the carrier layer to provide a low-friction surface for en-
gaging the window assembly 38. With the radiation
beam as described above (10.6 microns, 30 Wy,q)
transmitted into a wax-based ink web, a pulse width of
approximately 50 ms created an effective ink transfer
from the web to a strip of vinyl sheet material. The same
beam transmitted into a resin-based ink web, on the oth-
er hand, required a longer pulse width of approximately
100 to 150 ms to create an effective ink transfer onto a
strip of vinyl sheet material. Accordingly, for a beam of
this wavelength and energy, employed in the preferred
embodiment of the printing apparatus with a typical ink
web as described herein, the pulse width should be with-
in the range of approximately 50 to 250 ms for creating
effective ink transfer.

As will be recognized by those skilled in the perti-
nent art, the scanning device 36 may be any of numer-
ous known devices for scanning the laser beam 42
along the line of laser impingement, such as a rotating
mirror or galvanometer, including, for example, a trun-
cated mirror, a polygonal mirror or a pyramidal mirror.
The scanning device 36 is coupled to the controller 20
of FIG. 1 in a manner known to those of ordinary skill in
the pertinent art to control its operation, including the
rotational position and speed of the scanning device and
the scan width of the laser beam 42. The fccusing lens
34 may likewise be any of numerous known beam fo-
cusing devices constructed of a material highly trans-
missive at the selected wavelength of the laser beam
42, such as zinc selenide or sodium chloride as de-
scribed above in the preferred embodiment. |n addition,
the laser source, and wavelength, energy and pulse
width of the laser beam 42, along with the preferred ma-
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terials for construction described herein are only exem-
plary, and numerous other types of laser sources and
materials for construction may be substituted for those
described herein without departing from the scope of the
invention.

As also shown in FIG. 2, the printing apparatus 22
may utilize sprockets 46 or other suitable registration
means to engage corresponding feed holes H in the
sheet material S. The feed holes H may extend along
each longitudinal edge of a strip S of sheet material in
order to register and steer the sheet material driven be-
tween the roller platen 40 and window assembly 38.
Correspondingly, the cutting apparatus 24 may also in-
clude a set of sprockets to engage the same series of
feed holes H during the cutting operation to likewise reg-
isterthe sheet material with a cutting blade. Accordingly,
the registration of the cut edges of the graphic product
with the printed image is insured in the longitudinal di-
rection. Since the graphic image is absolutely fixed both
transversely and longitudinally on the strip S relative to
the feed holes H, the feed holes are a proper reference
for the image in both the printing and cutting operations.

The sheet material S may be supplied on a roll (not
shown) supported on the back side of the base assem-
bly 26, and after the sheet passes through the printing
apparatus 22 where the printing operation takes place,
it is discharged freely at the front side of the apparatus
as shown, or may be retrieved on a take-up reel if de-
sired.

With reference to FIG. 3, the window assembly 38
is mounted to an upper support frame 48 of the printing
apparatus, which is pivotally mounted on an axle 50 at
the back side of the base assembly 26. Accordingly, the
upper support frame 48 and the window assembly 38
are pivoted toward and away from the roller platen upon
closing and opening the cover 28, respectively. As
shown best in FIG. 4, the window assembly 38 compris-
es a frame 52 defining a window slot 54 formed through
the frame and extending in its elongated direction along
the line of laser impingement. The slot 54 is filled with a
window material to form a laser window 56 which is high-
ly transmissive at the selected wavelength of the laser
beam 42 to permit passage of the beam through the win-
dow along the line of laser impingement. Accordingly,
for the preferred laser beam as described above (10.6
microns, 30 W,,4 ), the window material 56 may be ei-
ther sodium chloride (NaCl) or zinc selenide (ZnSe).

As also shown best in FIG. 4, the window assembly
38 is mounted to the upper support frame 48 by a series
of bolts 58; and a respective coil spring 60 surrounds
each bolt 58 and is interposed between the window
frame 52 and the support frame 48. The coil springs 60
apply a pressure downwardly against the window frame
52, and in turn resiliently press the window 56 against
the ink web W and sheet material S on the roller platen
40 directly on the line of laser impingement, thus forming
a linear zone of contact on the ink web along the line of
laser impingement. As will be recognized by those
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skilled in the pertinent art, the top and bottom surfaces
of the laser window 56 may be coated with an anti-re-
flection coating to prevent reflection or scattering of the
laser beam 42 upon transmission through the window.
Similarly, it may be necessary to apply a suitable hard
coat on the bottom side of the laser window 56 (which
is likewise transmissive at the selected wavelength of
the beam 42), to prevent the window from being
scratched or otherwise marred by dust particles or de-
bris during printing operations.

In order to regulate the amount of pressure applied
by the window assembly 38 to the ink web W and sheet
material S on the line of laser impingement, the project-
ing or cantilevered end of the support frame 48 is moved
up and down relative to the roller platen 40 by a pres-
sure-regulating mechanism that is adjusted by the con-
troller 20. As shown in FIG. 3, the pressure-regulating
mechanism includes a cam 62 rotatably mounted to the
base assembly 26 by a shaft 64. The cam 62 defines a
spiral cam slot 66 (shown in phantom) which receives
and engages a cam follower 68 (also shown in phantom)
connected to the projecting end of the support frame 48.
The cam 62 is coupled by a toothed drive belt 70 to a
pressure-regulating step motor 72.

Accordingly, as the cam 62 is rotated by the pres-
sure-regulating step motor 72, the relative movement of
the cam follower 68 within the cam slot 66 causes the
support frame 48 and window assembly 38 to move up
or down, depending upon the direction of rotation of the
cam, and thereby adjust the pressure applied to the ink
web W and sheet material S on the line of laser impinge-
ment. The pressure-regulating motor 72 is coupled to
the controller 20, which in turn controls rotation of the
cam 62 to precisely set the pressure applied to the ink
web and sheet material on the line of laser impingement.

As also shown in hidden lines in FIG. 3, the cam slot
66 defines an exit point 74 at the periphery of the cam
62, so that the cam follower 68 and correspondingly the
support frame 48 can be lifted completely free of the cam
when the controller 20 controls rotation of the cam to its
upright position. The controller 20 also controls the po-
sition of the cam 62 to move the window assembly 38
into and out of contact with the ink web W and sheet
material S. For example, at the end of a printing opera-
tion, or between application of ink webs bearing different
colored inks, the controller 20 controls operation of the
pressure-regulating motor 72 to drive the cam 62 to a
position at which there is zero pressure between the
window assembly and the roller platen. In addition, the
window assembly 38 can be lifted away from the roller
platen 40 so that the sheet material S can be slewed
back and forth relative to the window assembly without
making contact with the web W of printing ink.

As will also be recognized by those skilled in the
pertinent art, the pressure-regulating motor 72 may be
adjusted by the controller 20 in accordance with numer-
ous printing parameters. For example, the pressure may
be adjusted to affect the transfer of ink from the web to
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the sheet material depending upon the type of sheet ma-
terial and/or the ink web employed. The pressure may
likewise be adjusted to affect the force transmitted be-
tween the roller platen and the sheet material, or to af-
fect the intensity or tone of the printed images. Accord-
ingly, the adjustment of the pressure level can occur pri-
or to or throughout a printing operation in accordance
with print characteristics that are stored in the print pro-
gram or are measured during a printing operation.

As also shown in FIG. 3, a replaceable cassette 76
is installed under the cover 28 and carries the ink web
W, which is interposed between the window assembly
38 and sheet material S on the roller platen 40. A pre-
ferred construction of the cassette 76 and a mechanism
for replaceably mounting the cassette to the upper sup-
port frame 48 are illustrated and described in detail in
U.S. Patent No. 5,537,135. Briefly, however, each cas-
sette 76 is easily installed and removed from the upper
support frame 48 when the cover assembly 28 is lifted
to a fully-open position to, for example, replace a deplet-
ed cassette or select a different ink web for printing.

As shown in FIG. 3, each cassette 76 comprises
two end shells 78 and two molded side rails 80 (one
shown) extending between the end shells and defining
a generally rectangular configuration with an opening in
the center. The ink web W is attached on each end to
spools (not shown) rotatably mounted and enclosed
within each end shell 78, and the ink web is passed from
one spool to the other through the central opening in the
cassette. As shown in FIG. 3, the window assembly 38
passes downwardly into the central opening of the cas-
sette 76 and the laser window 56 presses the ink web
W onto the sheet material S forming a linear zone of
contact directly on the line of laser impingement. A slip
clutch or drag brake 82 is coupled to the supply spool
of the cassette 76 to impose a frictional restraint on the
spool as the ink web W is pulled off the spool.

As also shown in FIG. 3, a web drive motor 84 is
coupled through a slip clutch (not shown) to the opposite
or take-up spool of the cassette 76. The drive motor 84
is coupled to the controller 20, and when engaged it ap-
plies a torque to the take-up spool, and thus produces
a uniform tension force on the ink web W. The web drive
motor 84 is engaged only during printing operations, and
the force applied to the ink web is limited by the slip
clutch (not shown) so that the actual movement of the
web is controlled by movement of the roller platen 40.
Accordingly, the web W and sheet material S are
pressed between the window 56 and roller platen 40 and
move synchronously during printing operations. During
non-printing operations, on the other hand, the control-
ler 20 relieves the pressure applied by the window as-
sembly 38 and deenergizes the web drive motor 84 so
that when the sheet material S is slewed, the ink web
neither moves, nor is it consumed.

The printing apparatus 22 preferably employs a
platen drive to move the sheet material S relative to the
window assembly 38 with encoded sprockets and/or an
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encoded sprocket shaft to maintain precise registration
of the sheet material with the laser beam 42, as de-
scribed, for example, in co-pending U.S. patent applica-
tion serial no. 08/440,083, filed May 12, 1995, entitled
"Apparatus For Making Graphic Products Having A Plat-
en Drive With Encoded Sprockets", which is assigned
to the Assignee of the present invention, and is hereby
expressly incorporated by reference as part of the
present disclosure.

As shown in FIG. 5, the roller platen 40 includes a
hard rubber sleeve 86 for engaging and driving the sheet
material S. The polymeric material of the sleeve 86 is
selected to provide a firm surface to support the sheet
material S beneath the window assembly 38, and to en-
hance the frictional engagement of the platen with the
backing of the strip to effectively drive the strip. A mar-
ginal edge portion of the sheet material S overlaps the
rubber sleeve 86 of the roller platen at each end and is
engaged by a respective registration sprocket 46. As
shown typically in FIG. 5, each registration sprocket 46
includes a plurality sprocket pins 88, which are received
within the feed holes H of the sheet material to guide
and steer the sheet, and precisely maintain registration
of the sheet as it is driven by the roller platen beneath
the window assembly.

As also shown in FIG. 5, the registration sprockets
46 are each mounted to a common sprocket shaft 90,
which is in turn rotatably mounted on each end to the
base assembly 26. Each registration sprocket 46 is fixed
to the shaft 90 in its rotational direction so that the
sprockets rotate in sync with each other and the shaft,
but may be slidably mounted in the axial direction of the
shaft to permit lateral adjustment of the sprockets to ac-
commodate sheet materials of different width.

As also shown in FIG. 5, the roller platen 40 is
spaced adjacent and oriented parallel to the sprocket
shaft 90, and is mounted on a drive shaft 92, which is in
turn rotatably mounted to the base assembly 26. A plat-
en drive gear 94 is fixedly mounted to the platen drive
shaft 92, and is meshed with an idler gear 96 rotatably
mounted to the sprocket shaft 90. A platen drive motor
98, which may be, for example, a step motor, is mounted
to the base assembly 26, and is coupled through a suit-
able gear train 100 (shown schematically in broken
lines) to the idler gear 96. Actuation of the platen drive
motor 98 rotatably drives the idler gear 96, and in turn
directly drives the platen drive gear 94 and roller platen
40. As will be recognized by those skilled in the pertinent
art, other suitable means may be employed to drivingly
connect the platen drive motor to the roller platen, such
as a drive belt. A limited-slip belt 101 may also be cou-
pled between the roller platen 40 and the sprocket shaft
90 to drive the sheet material independent of the ink web
during non-printing operation.

With reference to FIG. 3, in order to keep the sheet
material S fully engaged with approximately 180° of the
registration sprockets 46, a pair of hold-down bails 102
(only one shown) straddle the pins 88 of each sprocket.
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The bails are pivotally suspended from the base assem-
bly 26 on pins (not shown) so that the bails can be lifted
away from the sprockets and allow a strip of sheet ma-
terial S to be mounted on and removed from the sprock-
et and roller platen 40. Over-center springs (not shown)
are preferably used to hold each bail 102 downwardly
on the strip S and also permit lifting of the bails away
from the sprockets during installation or removal of a
strip. In addition, a pair of hold-down rollers 104 extend
between the bails 102 at the supply and discharge
points of the roller platen 40. Thus, the feed holes H
along each marginal edge of the sheet material S are
threaded onto the sprockets 46 by lifting the bails, and
are held firmly with the sprockets by lowering the bails.

Accordingly, the sheet material S and ink web W are
pressed against the roller platen 40 by the window as-
sembly 38 along substantially the entire length of the
roller platen and directly on the line of laser impinge-
ment, and the sheet material is further maintained in
conforming engagement with the roller platen by the
hold-down rollers 104 and bail assemblies 102 to direct-
ly drive the sheet and ink web with the platen drive motor
98 and roller platen. The registration sprockets 46, on
the other hand, engage the feed holes H to guide and
steer the sheet material, and in turn prevent skewing of
the sheet material under the driving force of the platen,
and maintain precise registration of the sheet with the
laser beam.

As also shown in FIG. 5, a positional sensor 106 is
preferably mounted adjacent to the sprocket shaft 90 to
track the rotational position of the registration sprockets
46 andthus the position of the sheet material S engaged
by the sprockets. The positional sensor 106 is also cou-
pled to the controller 20 and transmits signals to a reg-
ister in the controller indicative of the rotational direction
and position of the sprocket shaft 90, and thus of the
rotational direction and position of the registration
sprockets 46 mounted to the shaft. As will be recognized
by those skilled in the pertinent art, any of numerous
known types of sensors may be employed, including, for
example, a suitable resolver or encoder, such as an op-
tical encoder, for encoding the registration sprockets or
sprocket shaft and generating signals indicative of their
rotational direction and position.

Accordingly, the controller 20 controls operation of
the pulse generator 44 to in turn control the pulse width
and transmission of the laser beam 42 in accordance
with the printing program of image data and in response
to the positional signals transmitted by the sensor 106
coupled with the image data. As will be recognized by
those skilled in the pertinent art, the ink web and sheet
material may be incrementally driven in the x-coordinate
direction between printing successive lines of image da-
ta along the line of laser impingement, or may be con-
tinuously driven in the x-coordinate direction at variable
speeds depending upon the availability of the image da-
ta in one or more data buffers (not shown). Because the
feed holes H maintain precise registration of the sheet
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material with the print head, and the positional signals
transmitted by the sensor 106 are based on the position
of the sprockets 46 engaging the feed holes H, the
graphic images are accurately printed on the sheet ma-
terial in accordance with the printing program.

As will be recognized by those skilled in the perti-
nent art, the laser window assembly 38 may take nu-
merous different configurations for purposes of perform-
ing the function of pressing the ink web W against the
sheet material S and roller platen on the line of laser
impingement in order to facilitate the transfer of ink from
the web to the sheet in accordance with the present in-
vention. For example, as shown in FIG. 6, another em-
bodiment of the window assembly is indicated generally
by the reference numeral 138, and is constructed in the
form of a roller which is rotatably mounted on the cover
assembly 28 over the roller platen 40. Like the window
assembly 38 described above, the window assembly
138 is resiliently mounted by springs or like means (not
shown) to the upper support frame 48 of the printing ap-
paratus, and is movable with the cover 28 toward and
away from the roller platen for pressing the ink web W
against the sheet material S on the line of laser impinge-
ment.

As shown in FIG. 6, the window assembly 138 com-
prises atransmissive roller (or laser window) 152, which
is rotatably mounted on each end by pins 154 and bear-
ing assemblies (not shown) to a respective support arm
156. Each support arm 156 is in turn resiliently mounted
to the upper support frame 48 of the printing apparatus
by one or more bolts and associated springs as de-
scribed above for the window assembly 38, or other suit-
able means for resiliently mounting. Accordingly, when
the upper support frame 48 is moved downwardly to-
ward the roller platen 40 by rotation of the cam 62 of
FIG. 3, thetransmissive roller 152 is moved into engage-
ment with the ink web W and sheet material S and ap-
plies of pressure P against the ink web and sheet ma-
terial along a linear zone of contact directly on the line
of laser impingement. In the same manner as the laser
window 56 described above, the transmissive roller 152
is made of a material highly transmissive at the selected
wavelength of the laser beam 42. Accordingly, for the
preferred beam described herein (10.6 microns, 30
Wavg_), the roller 152 may be constructed, for example,
of sodium chloride (NaCl) or zinc selenide (ZnSe).

As will be recognized by those skilled in the perti-
nent art, numerous changes and modifications may be
made to the above-described and other embodiments
of the present invention without departing from its scope
as defined in the appended claims. For example, in larg-
er-format systems, such as systems for printing large-
width banners or bill boards, it may be desirable to con-
struct the laser window assembly so that it is movable
with the laser beam along the line of laser impingement.
In this way, rather than constructing a large-width win-
dow assembly, a smaller window assembly may be syn-
chronously driven in the y-coordinate direction with the
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scanning device to press the ink web into engagement
with the sheet material and roller platen along the line
of laser impingement, and thereby facilitate the transfer
of ink from the web to the sheet for printing the graphic
images. For relatively large-width graphic products, suit-
able beam flattening optics may be necessary to main-
tain substantially uniform beam intensity along the line
of laser impingement. Similarly, numerous different
mechanisms may be substituted for those described
herein for adjusting and controlling the pressure P ap-
plied by the laser window to the ink web along the line
of laser impingement, and for driving the sheet material
and ink web between the platen and the window assem-
bly. Accordingly, the detailed description of preferred
embodiments herein is to be taken in an illustrative as
opposed to a limiting sense.

Claims

1. An apparatus (10) for printing graphic products on
sheet material (S), characterized by a platen (40)
supporting the sheet material, and an ink web (W)
overlying the sheet material on the platen and bear-
ing ink for transferring the ink onto the sheet mate-
rial, the apparatus being further characterized by:

a laser source (32) for transmitting a beam of
radiation (42) at a selected wavelength along a
line of laser impingement on the ink web (W)
supported on the sheet material (S) for heating
and in turn transferring ink from the web to the
sheet material in accordance with a printing
program of image data for printing graphic im-
ages on the sheet material, and

a laser window (38,138) mounted over the plat-
en and pressed into engagement with the ink
web (W) against the sheet and platen (40)
along the line of laser impingement to facilitate
the transfer of ink from the web (W) to the sheet
material (S), the laser window (38,138) being
transmissive at the selected wavelength along
the line of laser impingement to permit the
beam of radiation (42) to pass through the win-
dow and into the ink web and thereby print the
graphic images on the sheet material.

2. An apparatus (10) as defined in claim 1, further
characterized by means (62,72) for controlling the
pressure applied by the laser window (38,138)
against the ink web (W) and sheet material (S)
along the line of laser impingement.

3. An apparatus (10) as defined in any of the preced-
ing claims, further characterized by the laser win-
dow (838,138) being at least approximately 70%
transmissive at the selected wavelength along the
line of laser impingement.
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4.

An apparatus (10) as defined in any of the preced-
ing claims, further characterized by means (60) for
resiliently mounting the laser window (38,138) in
engagement with the ink web (W) along the line of
laser impingement.

An apparatus (10) as defined in any of the preced-
ing claims, further characterized by the laser win-
dow (38) having a frame (52) defining an elongated
slot (54) extending along the line of laser impinge-
ment for permitting passage of the beam of radia-
tion (42) through the slot and into the ink web (W).

An apparatus (10) as defined in claim 5, further
characterized by the laser window having a window
material (56) disposed within the elongated slot (54)
which is at least approximately 70% transmissive at
the selected wavelength and is pressed into en-
gagement with the ink web (W) along the line of la-
ser impingement.

An apparatus (10) as defined in any of claims 1
through 4, further characterized by the laser window
(138) being defined by a roller (152) rotatably
mounted over the platen (40) and extending along
the line of laser impingement, and being transmis-
sive at the selected wavelength along the line of la-
ser impingement.

An apparatus (10) as defined in any of the preced-
ing claims, further characterized by the ink web (W)
being defined by a backing material and a layer of
ink superimposed over the backing material, and
the backing material being at least approximately
70% transmissive at the selected wavelength.

A method for printing graphic products on sheet ma-
terial (5), characterized by the sheet material being
supported on a platen (40) and an ink web (W) over-
lyingthe sheet material on the platen for transferring
the ink onto the sheet material, the method being
characterized by the following steps:

transmitting a beam of radiation (42) with a la-
ser source (32) at a selected wavelength along
a line of laser impingement on the ink web (W)
for heating and in turn transferring ink from the
web to the sheet material (S) in accordance
with a printing program of image data; and

pressing a laser window (38,138) into engage-
ment with the ink web (W) against the sheet (S)
and platen (40) along the line of laser impinge-
ment to facilitate the transfer of ink from the web
(W) to the sheet material (S), and selecting the
laser window (38,138) to be transmissive at the
selected wavelength along the line of laser im-
pingement to permit the beam of radiation (42)
to pass through the window and into the ink web



15 EP 0 770 492 A1

(W) and thereby print graphic images on the
sheet material (S).

10. A method as defined in claim 9, further character-

11.

ized by the step of controlling the pressure applied
by the laser window (38,138) against the ink web
(W) and sheet material (S) along the line of laser
impingement to effect a transfer of ink from the web
to the sheet material.

An apparatus and a method for printing graphic im-
ages by laser thermal transfer, characterised by a
laser source for transmitting a beam of radiation into
an ink web supported on a sheet material for trans-
ferring the ink from the web to the sheet.
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